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Abstract
Introduction: Although growing, evidence on the impact, access, utility, effectiveness, and cost-benefit of obstetric
ultrasound in resource-constrained settings is still somewhat limited. Hence, questions around the purpose and the
intended benefit as well as potential challenges across various domains must be carefully reviewed prior to implementation
and scale-up of obstetric ultrasound technology in low-and middle-income countries (LMICs).
Main Body: This narrative review discusses these issues for those trying to implement or scale-up ultrasound technology in
LMICs. Issues addressed in this review include health personnel capacity, maintenance, cost, overuse and misuse
of ultrasound, miscommunication between the providers and patients, patient diagnosis and care management,
health outcomes, patient perceptions and concerns about fetal sex determination.
Conclusion: As cost of obstetric ultrasound becomes more affordable in LMICs, it is essential to assess the benefits,
trade-offs and potential drawbacks of large-scale implementation. Additionally, there is a need to more clearly identify the
capabilities and the limitations of ultrasound, particularly within the context of limited training of providers, to ensure that
the purpose for which an ultrasound is intended is actually feasible. We found evidence of obstetric uses of
ultrasound improving patient management. However, there was evidence that ultrasound use is not associated
with reducing maternal, perinatal or neonatal mortality. Patients in various studies reported to have both positive
and negative perceptions and experiences related to ultrasound and lastly, illegal use of ultrasound for determining
fetal sex was raised as a concern.
Plain English summary
Prior to the implementation and scale-up of obstetric ultra-
sound technology in low- and middle-income countries,
questions around the purpose, intended benefit, potential
trade-offs and challenges must be carefully reviewed. This
review paper focuses on issues around health personnel
capacity, maintenance, cost, misuse and overuse, miscom-
munication between patients and providers, patient diagno-
sis and case management, health outcomes, perceptions
and concerns about fetal sex determination.
We conclude that it is essential to assess the benefits,
trade-offs and potential drawbacks of large-scale imple-
mentation as cost of obstetric ultrasound becomes more
affordable in low- and middle-income countries. Add-
itionally, there is a need to more clearly identify the cap-
abilities and the limitations of ultrasound, particularly
within the context of limited training of providers, to en-
sure that the purpose for which an ultrasound is intended
is actually feasible. We found evidence of obstetric uses of
ultrasound improving patient management. However,
there was evidence that ultrasound use is not associated
with reducing maternal, perinatal or neonatal mortality.
Patients in various studies reported to have both positive
and negative perceptions and experiences related to ultra-
sound and lastly, illegal use of ultrasound for determining
fetal sex was raised as a concern.
Background
There are numerous applications and indications for ultra-
sound in low- and middle-income countries (LMICs).
Ultrasound has been used to diagnose obstructed labor,
non-cephalic presentation, single or multiple pregnancy, in-
complete miscarriage, molar pregnancy, ectopic pregnancy,
* Correspondence: kavita_singh@unc.edu
1Department of Maternal and Child Health, Gillings School of Global Public
Health, University of North Carolina at Chapel Hill, 135 Dauer Dr, Chapel Hill,
NC 27516, USA
3MEASURE Evaluation, Carolina Population Center, University of North
Carolina at Chapel Hill, Carolina Square, Suite 330, 123 West Franklin St,
Chapel Hill, NC 27516, USA
Full list of author information is available at the end of the article
© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
Kim et al. Reproductive Health  (2018) 15:129 
https://doi.org/10.1186/s12978-018-0571-y
fetal abnormality, intrauterine growth restriction and pla-
centa previa [1–5]. It has also been used to measure pelvic
outlet and estimate gestational age [5–7]. Although the de-
gree of diagnostic accuracy may vary depending on when
pregnant women present themselves for an ultrasound
exam [7], its utility has been highlighted in many studies
nonetheless. Accurate assessment of gestational age for ex-
ample is useful in distinguishing pre-term newborns from
newborns who are low birth weight (but not pre-term),
which is important because the needed interventions may
differ [8].
In LMICs, ultrasound is mainly used to diagnose ob-
stetric conditions [7, 9]. However, gynecological condi-
tions have also been evaluated by ultrasound as well,
particularly in emergency medicine [9, 10]. Kotlyar and
Moore stated that 53% of ultrasound scans were per-
formed either for obstetric or gynecological conditions
in a single center study from Monrovia, Liberia [11]. In
another study in Cameroon, ultrasound determined that
33% of patients had gynecological conditions and 15%
had obstetric conditions [12]. Applications of ultrasound
also extend to abdominal, musculoskeletal, cardiac, renal,
pulmonary, trauma and soft tissue and vascular conditions
[3, 7, 10, 13, 14] as well as HIV, tuberculosis, intussuscep-
tion, Wilms’ tumor, Burkitt’s lymphoma, hepatitis C, Cha-
gas’ disease, filariasis, myiasis and other protozoal,
helminthic, viral and bacterial infections [7, 9]. For example,
a trial in Rwanda reported that due to the high prevalence
of HIV related cardiomyopathies, TB-related pericardial ef-
fusions and rheumatic disease, cardiac applications of ultra-
sound were frequently used [14]. In Botswana, most of the
disease burden at the district level public hospitals are
obstetric-related, followed by gynecological conditions and
hepato-biliary conditions [4]. In Sudan where the preva-
lence of schistosomiasis is high, applications of ultrasound
were highest for liver and spleen disorders, followed by
obstetric conditions [15]. As evidenced by past studies, ap-
plications of ultrasound use are diversified based on geo-
graphic and disease context. Such high adoptability and
wide ranging applications of ultrasound make it suitable for
use in LMICs.
In recent years, portable ultrasound machines have
become increasingly popular in LMICs due to their
affordability, user-friendliness and adoptability to the
harsh and restrictive conditions of resource-poor set-
tings [3, 6, 7, 10, 16, 17]. For example, newer ultra-
sound models are hand-held or hand-carried [17], and the
price has significantly decreased compared to that of
full-size ultrasound machines [3]. The interface software
on these devices have also been simplified and streamlined
[6] so that they may be used more broadly by different
cadres of health workers, who have different capabilities
[10]. As newer generations of ultrasound are becoming
more suitable for LMICs, manufacturers could be looking
to expand their markets and local healthcare staff may be
weighing the benefits and disadvantages of introducing
these newer ultrasound models into their facilities. Multi-
lateral and bilateral organizations as well as private do-
nors, therefore, may want to comprehensively assess the
feasibility of introducing ultrasound in these settings be-
fore appropriating funds.
Although growing, evidence on the access, utility, ef-
fectiveness, and cost-benefit of obstetric ultrasound in
resource-constrained settings is still somewhat limited
[5, 18]. It is also important to note that there is no evi-
dence of its impact on reducing maternal or perinatal
mortality [9, 19, 20]. Hence, questions around the purpose
and the intended benefit as well as potential challenges
across various domains must be carefully reviewed prior
to implementation and scale-up of obstetric ultrasound
technology in LMICs.
This narrative review discusses these issues for those try-
ing to implement or scale-up ultrasound technology in
LMICs. Issues addressed in this review include health
personnel capacity, maintenance, cost, overuse and misuse
of ultrasound, miscommunication between the providers
and patients, patient diagnosis and care management, health
outcomes, patient perceptions and concerns about fetal sex
determination. Because obstetric conditions are the most
common indication for ultrasound in LMICs [7, 9], this re-
view mainly focuses on obstetric uses of ultrasound.
Methods
The existing literature on the use of ultrasound in LMICs
was reviewed. The initial search was focused only on pub-
lished review articles because of the short timeframe (May
3rd – August 2nd, 2016) in which to prepare for a Tech-
nical Consultation Meeting on Ultrasound Use in Low-
and Middle-Income Countries which was held in Wash-
ington D.C. on August 2nd, 2016. This narrative review
was initially prepared for the Technical Consultation
Meeting in Washington D.C. but was later expanded to
include additional articles.
Published review articles were searched in the follow-
ing databases: PubMed, Global Health, CINAHL, Web
of Science and Embase. Exact search terms and filters
for the review articles are included in the Appendix. The
initial database search returned a total of 391 articles
and 6 review articles were retained for the literature re-
view. After the initial electronic database search, 59 add-
itional relevant articles and grey literature publications
were identified through manual reference and Google
searches. In this paper, data are synthesized from 65
sources (See Fig. 1).
Summary tables are presented for articles/studies in
the review (See Tables 1, 2 and 3). Study quality was
assessed using the following criteria: 1) study design –
randomized or non-randomized; 2) presence of a control
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group. Information about the study location, study period,
study description, key points, sample size, funding support
and type of ultrasound machine are also presented. Quali-
tative studies or studies from which anecdotal accounts
were retrieved were not included.
Findings
What are the effects of obstetric ultrasound?
Care utilization and mortality
A recent cluster-randomized trial in Pakistan, Kenya,
Zambia, the Democratic Republic of the Congo and
Guatemala looked at the effects of antenatal ultrasound use
in rural health center settings [20, 21]. After stratifying by
country, each of the intervention and comparison clusters
were defined as a catchment area of a health center that re-
cords about 500 births every year [21]. Pregnant women in
the intervention clusters were generally offered two ante-
natal ultrasound examinations, first exam between 18 and
22 weeks and the second exam between 32 and 36 weeks,
and those with identified complications were referred to
higher-level health facilities [21]. At the first visit, gesta-
tional age was determined and fetal number and position,
cervical length, potential amniotic fluid abnormalities and
potential congenital abnormalities were examined [21]. At
the second visit, placental location and growth were ob-
served in addition to all of the checks performed during the
first visit [21]. The intervention package also included
health worker training for antenatal ultrasound, emergency
obstetric and neonatal care training at higher-level referral
facilities and community sensitization events where people
were informed about the diagnostic capabilities of ultra-
sound as well as the antenatal ultrasound services being of-
fered at intervention facilities [21]. This recent study
including five countries with a rigorous cluster-randomized
design found no difference in intervention and comparison
clusters in terms of antenatal care use, facility delivery, still-
birth rate, neonatal mortality and maternal mortality [20].
Another randomized study conducted in South Africa
found that routine second-trimester ultrasound scanning
did not result in a significant difference in perinatal mor-
tality between the ultrasound scan group and the control
group, 4.3 and 4.1% respectively with a relative risk of
1.05 and 95% confidence interval between 0.54 and 2.03
[9, 19]. However, the study also noted that it had low
Fig. 1 Flowchart of search results
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power due to the small sample size [19]. Other studies
either did not have enough statistical power to detect
significant differences in mortality outcomes [22] or sim-
ply speculated that increases in antenatal care visits as a
result of ultrasound or postpartum uses of ultrasound
will likely reduce mortality outcomes [23, 24].
Some studies that employed a weak study design (lim-
ited randomization and absence of control groups) re-
ported that ultrasound services generally appeared to be
associated with an increase in the number/proportion of
antenatal care use and facility delivery, which is contrary
to the findings of a recent large-scale cluster-randomized
trial [20, 21].
Ross et al. conducted a study at a rural community
health center in Uganda with portable ultrasounds [23].
Exams were offered to women during their first ante-
natal visit and at 32 weeks gestation, and additional
scans were performed when they were deemed appropri-
ate [23]. The study noted that ultrasound exam fees
were affordable to all patients at about $2 USD [23].
Lacking a control group, the study utilized a historical
control to assess changes in outcome measures pre and
post-intervention [23]. Total antenatal care visits at the
health center significantly increased from a monthly
average of 133.5 visits before the program to 230.3 visits
after the program [23]. Over a period of 64 months, the
average number of deliveries at the health center also
significantly increased from 28.1 deliveries before the
program to 45.6 deliveries after the program [23].
Mbuyita et al. conducted a study in Tanzania to deter-
mine if mid-level providers were capable of using port-
able ultrasound machines after training [25]. Compared
to baseline data, the number of first antenatal care visits
did not change significantly [25]. However, the number
of women receiving four or more antenatal care visits in-
creased significantly between baseline (27.2%) and end-
line (60.3%) periods in the intervention area [25]. The
number of facility deliveries also increased significantly
between baseline and endline periods in the intervention
area [25].
Lastly, Ross et al. examined the components of routine
antenatal care services before and after the introduction
of routine ultrasound [26]. The study showed signifi-
cantly increased rates of anemia treatment, deworming,
and two doses of intermittent preventive treatment of
malaria (IPT2) after the ultrasound intervention [26].
Patient diagnosis and care management
Although recent evidence points to ultrasound having no
significant effect on mortality, facility delivery and ante-
natal care use [20, 21], there were studies reporting that
ultrasound in LMICs helped improve the quality of care
for both obstetric and non-obstetric conditions [10].
Muller-Rockstroh, in her narrative description about a
hospital in Northwest Tanzania, stated that ultrasound
scans helped midwives determine the timing and appro-
priate mode of delivery. Midwives were able to delay or
accelerate timing of delivery and determine appropri-
ate management plans based on ultrasound findings
[24, 25]. The ability of ultrasound to confirm clinic-
ally suspected obstetric complications and even im-
prove patient management has been reported in many
other studies [4, 6, 8, 11, 12, 14, 27, 28].
A study in Malawi reported that despite having a
learning curve, mid-level providers were able to confirm
or improve determination of gestational age using ultra-
sound [8]. Correct determination of gestational age is
necessary to distinguish premature newborns from new-
borns who are growth-restricted as the required care
and interventions are different [8]. Correct determin-
ation of gestational age also has implications for prevent-
ing mother-to-child transmission of HIV [7].
The utility of ultrasound has been documented in med-
ical emergencies and disaster settings which include obstet-
ric uses as well. Understandably, portable hand-held or
hand-carried ultrasound devices have been employed in
these situations where there is unreliable access to power
and a high need for rapid triage [17]. During a 12-day disas-
ter relief effort in Haiti after the earthquake in 2010, the
use of portable hand-held ultrasound devices led to a
change in 70% of patient management plans [16]. Portable
ultrasound imaging was found especially useful for diagnos-
ing non-traumatic abdominal pain and pregnancy-related
symptoms [16].
What are key issues related to health personnel?
Training of health personnel
The training of health personnel is a major factor for
quality implementation of obstetric ultrasound services,
as appropriate patient management relies on the ability
of health personnel to use the machine proficiently and
interpret findings accurately [7]. In many LMICs, there
is a paucity of health personnel who are capable of pro-
viding ultrasound services [29].
A WHO Study Group recommended in its 1998 ultra-
sound manual that candidates for ultrasound training
should have at least two to three years of prior healthcare
training [30]. Qualified candidates are then recommended
to complete at least 6 months of training in a recognized
training center including 50 first trimester pregnancy
exams and 200 s and third trimester exams for obstetric
applications of ultrasound [30]. It is important to note,
however, that recommendations for the different numbers
of examinations were given as a guide. A recent review
article, which documented training opportunities for
ultrasonography in LMICs, concluded that the majority of
health personnel using ultrasound in LMICs did not meet
the minimum WHO training standards [18]. In Africa,
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40.4% of ultrasound service providers completed only a
short theoretical course, 14.9% had practical courses with
only 2.1% occurring in a hospital environment, and 38.3%
had no training at all [7, 31]. Ultrasonography training
largely targeted lower- and mid-level practitioners such as
local health workers, nurses and midwives as well as
non-radiologist physicians [18]. Although the literature
suggests that past trainings were not in compliance with
WHO’s recommendations, many studies demonstrated
that lower- and mid-level providers were capable of pro-
viding ultrasound services resulting in improved clinical
management [5, 6, 8, 14, 27, 29, 32–35]. There is also
some evidence that general physicians at rural health facil-
ities can adequately provide ultrasound services in terms
of correct use and interpretation of findings [14].
When adequate training materials and methods are
used, short intensive training courses have been shown to
provide significant acquisition of knowledge and practical
skills for all levels of health workers in LMICs [10, 17].
There is also evidence that follow-up refresher trainings
can be effective for retention of knowledge and skills
[10, 17] though the sustainability of these courses
after donor funding is expended is not adequately docu-
mented. In addition to training, however, it is important
to note that there are other issues which are essential in
obtaining good clinical readings. These issues include en-
suring that the machine is set for the proper application
(i.e. obstetric uses) and that the use setting has appropriate
lighting, temperature, electrical supply and IT require-
ments [36]. It is also important to understand the limita-
tions of different ultrasound models and devices. For
example, the image quality of portable ultrasound may
not be sufficient to identify fetal anomalies and early ges-
tational age.
Concerns about misuse, overuse and miscommunication
Misuse, overuse and lack of communication between health
providers and patients have been frequently cited as con-
cerns in the literature. A study in Uganda demonstrated
that over half of all obstetric scans performed were consid-
ered inappropriate because they were either scans for gesta-
tional age estimation outside of the recommended time
period, routine monitoring despite no sign of intrauterine
growth restriction or re-assessment of the placental pos-
ition because of the technical inability to determine it with
a previous scan [37]. In another study in Botswana, health
providers noted that conventional methods such as history
taking and physical examination were neglected because of
easy access to ultrasound services [2]. There were indica-
tions that even in situations where conventional methods
would have sufficed, ultrasound diagnosis was recom-
mended for convenience [2]. Such inappropriate use raises
concerns because health providers should not neglect con-
ventional methods of providing care [2, 3].
Even when ultrasound services are available, they must
be complementary to routine care [4, 7]. This is espe-
cially true for obstetric use of ultrasound. For example,
estimation of gestational age is more accurate early in
pregnancy [8]. As pregnancy progresses, the variation of
fetal size increases and it becomes difficult to accurately
estimate gestational age by ultrasound alone [8]. Since
pregnant women in LMICs often present themselves for
antenatal care later in pregnancy, ultrasound dating
must be used in conjunction with conventional methods
to accurately estimate gestational age [8].
As for cases of misuse, financial incentives for provid-
ing unnecessary ultrasound services have been reported
as one reason for misuse in LMICs. After the initial
ultrasound scan, multiple follow-up scans were often
scheduled in private clinics as a way to increase revenue
[38, 39]. Using ultrasound for financial gain or any other
reason that is not clinically-based, can significantly re-
duce the cost-effectiveness of services [1] and drive up
the costs paid by women and their families.
Lastly, there is evidence for lack of communication be-
tween health providers and patients. A study in
Botswana reported that the average time of interaction
between providers and patients was 15 min, of which
only 15% were devoted to communicating with the pa-
tient [2]. Health providers were preoccupied with the
technical aspects of performing an ultrasound scan and
patients received very little attention throughout the
process [2]. In a study in Iran, none of the study patients
reported receiving written information about the pur-
pose of the ultrasound exam, 48% reported that the
ultrasound operator did not answer any questions and
90% reported that they were never shown the image of
the fetus on the ultrasound screen [40]. These findings
are of concern as patients’ perception of and experience
with ultrasound are mainly determined by the quality of
their interaction with the health providers [2].
Concerns about fetal sex determination
Prior studies in different countries document that ultra-
sound has been illegally used for fetal sex determination.
In India, the male-dominant sex ratio for children under
5 years is thought to be associated with fetal sex determin-
ation and sex-selective abortions [1]. A population-based
study in Delhi, India found that 56% of respondents either
did not know that fetal sex determination was illegal or
thought that it was lawful [9, 41]. In the same study, 2.6%
of respondents had ever requested fetal sex determination
and when the female sex of the fetus was disclosed, over
63% of them were aborted [9, 41]. In a study in Nepal,
6.8% of surveyed pregnant women received ultrasound
exams for fetal sex determination despite it being unlawful
[42]. The study also found that compared to women who
had at least one live born son prior to the recent
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pregnancy, women with no live born sons and three or
more live born daughters had 1.55 higher odds of receiv-
ing an ultrasound exam, which may suggest use for fetal
sex determination [42]. Other popular reasons for deter-
mining fetal sex were reported to be curiosity and prepar-
ation for the baby [43, 44].
Negative consequences of fetal sex determination go
beyond obvious legal and ethical violations. Incorrect as-
sessment of the fetal sex can also result in negative expe-
riences for women, especially in settings where son
preference is high. Incorrect assessment of the fetal sex
is not uncommon. In a study in Ghana, fetal sex was ac-
curately determined in only 86.5% of the cases [45]. A
study in Nigeria reported that incorrect assessment of
the fetal sex, particularly for mistaking female fetuses as
males, resulted in marital conflict, physical violence from
husbands, regret of undergoing tubal ligation, negative
perception towards ultrasound and negative feelings to-
wards the newborns [46]. Such negative consequences
can be exacerbated when accreditation and regulation
for ultrasound use are limited [9, 47]. Ethical training for
health providers on appropriate uses of ultrasound and
regulations for both public and private clinics are im-
portant [7].
What issues are important to patients?
Patient perception on ultrasound services
In the studies reviewed, women in LMICs generally held
positive views about ultrasound services [23]. Rijken et
al. found that on the Thai-Burmese border, ultrasound
was considered a tool that could increase safety during
pregnancy and childbirth [23, 48]. In a rural Botswana
district hospital, pregnant women showed signs of trust-
ing the ultrasound results more than their own bodily
sensations to confirm a live fetus [2]. The women
expressed relief that “there was life in the baby” (p. 697)
[2]. These women also referred to the ultrasound experts
as the “Whites” (p. 697) and regarded the same ultra-
sound services provided by African health providers as
substandard [2].
Cultural resistance to ultrasound services was not re-
ported to be a major problem. A study in Zambia re-
ported that patients would often wait in line for
ultrasound exams, even after clinic hours were over [6].
In addition, many patients who came for antenatal visits
stated that availability of ultrasound was their motivation
for attendance [6]. A qualitative study in Tanzania re-
ported that the majority of women desired to receive
ultrasound exams despite the lack of understanding
about the benefits and the procedures [49]. Those who
did not view ultrasound favorably thought that ultra-
sound would cause harm to the fetus [49].
Negative perceptions or misconceptions about ultrasound
were reported in other studies as well [40, 50]. Women
interviewed in a study in rural Kenya perceived that under-
going an ultrasound exam meant there was an emergency
or a problem with the pregnancy [50]. However, all inter-
viewed women perceived ultrasound to add significant
value in reassuring the health and progress of the baby [50].
In another study in Iran, 39% of women chose not to
undergo an ultrasound exam due to the following reasons:
ultrasound can be harmful (especially with regards to fetal
malformation); results are not important; exams are expen-
sive; and busy schedules [40].
Motivation for seeking ultrasound services as well as
access to ultrasound services have been documented to
differ by social class. A study in Nepal found that the ad-
justed odds of receiving an ultrasound exam were 3.4
times higher for women who had 7 to 10 years of educa-
tion and 10.28 times higher for women who had more
than 10 years of education compared to women with no
formal education [42]. In sub-Saharan Africa, access to
obstetric ultrasound in rural areas has shown to be as
low as 6% [7, 31].
Providers’ explanations or lack of explanations about
the ultrasound scan play a role in terms of patient per-
ception and satisfaction. Women who received ultra-
sound services in a rural setting in Botswana described
that turning the light off before the examination was an
unusual experience [2]. Patients normally expect exam-
ination rooms to be “brightly lit” (p. 694) [2]. In a study
in southeast Nigeria, 70% of study participants reported
that they did not interact with the sonographers, 24% re-
ported being afraid prior to the scan, 11% reported being
afraid during the scan and 4% reported being afraid after
the scan [51].
What are potential issues with the ultrasound device?
Maintenance
Although there are no previous studies rigorously testing
the durability of ultrasound machines in LMICs, some
studies provide anecdotal accounts. Kozuki et al. describes
having to replace refurbished portable ultrasound machines
four times in the span of 17 weeks in a study in Nepal due
to hardware and software errors [5, 52]. In another study
by Kimberly et al., portable ultrasound machines performed
well even in excess heat, humidity, dust and long travels in
a 6-month study [6]. At the 1-year follow-up visit, however,
38% of the midwives who responded to a follow-up survey
cited problems with the ultrasound machine [6]. These
problems included depletion of ultrasound gel and flicker-
ing image on the ultrasound screen [6]. Another study re-
ported that maintenance was not an issue during the
5-month study period [14]. In fact, a study conducted in ex-
treme conditions of the Amazon jungle reported that port-
able ultrasound machines functioned well for two
two-week trips [53]. However, there is limited evidence for
maintenance beyond the research study period. One study
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describes that establishing a maintenance protocol within
routine health systems can be long and difficult [24]. In this
study, such difficulty left many ultrasound machines unre-
paired [24].
Cost
In high-income countries, there has been many studies
assessing the cost effectiveness of using ultrasound to
identify fetal abnormalities, as demonstrated by a 2002 re-
view [54]. Cost effectiveness studies are less common for
LMICs. Only a few studies provided an overview of pro-
gram costs and the realized benefits. Bussmann and col-
leagues reported that in a district hospital in Botswana,
initial capital and recurrent costs of the ultrasound were
considered affordable, relative to the overall unspent hos-
pital budget in the study period [4]. They also found that
“the marginal cost of providing an ultrasound was less
than a quarter of providing an X-ray examination” (p.
1030) [4]. The average and marginal costs of an ultra-
sound diagnosis in improving patient management ap-
peared to be affordable as well, 56.58 USD and 0.64 USD
respectively [4]. Lastly, the average and marginal costs of
potentially improving a health outcome through an actual
change in therapy, were considered affordable, 260.79
USD and 2.93 USD respectively [4]. Overall, the study
concluded that providing ultrasound scans in Botswana
was financially feasible [4]. Another study in Nepal esti-
mated the impact of ultrasound on the potential to avert
perinatal deaths attributable to non-cephalic birth, mul-
tiple birth and placenta previa [5, 52]. The study estimated
that with an early ultrasound diagnosis, a total of 160 po-
tential perinatal deaths could be averted, which translates
to about 65 USD saved per life [5, 52]. This estimation
was derived based on the assumption that all early diagno-
ses will lead to the prevention of perinatal deaths [5, 52],
likely overestimating the true impact. However, it also did
not adjust for potential disability life years averted by pre-
venting maternal mortality or morbidity [5, 52]. Hence,
the estimated impact on averting potential perinatal
deaths does not capture the full range of benefits that
early ultrasound diagnosis offers.
In summary, there is a lack of high quality cost effective-
ness studies on obstetric ultrasound in the literature [54].
The majority of published studies are from high-income
countries, and they did not include discussions about lon-
ger term costs or cost incurred to women [54].
Discussion
This review examined various factors associated with
introducing obstetric ultrasound in LMICs. A recent
cluster-randomized trial found that use of ultrasound in
rural health centers did not impact antenatal care attend-
ance, facility delivery, maternal mortality, neonatal mortality
and stillbirths [20]. A related case study further suggested
that scale-up of routine antenatal ultrasound is not war-
ranted [55]. Other studies with less rigorous designs, how-
ever, found that ultrasound use was associated with the
increase of antenatal care attendance [23, 25] and facility
delivery [6, 7, 23, 25, 49]. Although antenatal ultrasound
use did not affect mortality measures, there is evidence sug-
gesting that ultrasound can confirm and improve patient
management for both obstetric and non-obstetric condi-
tions [4, 6, 8, 10–12, 14, 27, 28] . One potential concern
with the introduction of ultrasound is whether it will dis-
rupt existing services routinely provided at the health facil-
ity. Muller-Rockstroh describes that select district hospitals
in Tanzania decided to train nurse-midwives for ultrasound
use instead of training radiographers or radiography assis-
tants [24]. This is because use of ultrasound by radiogra-
phers would have disrupted the X-ray services also
provided by them [24]. Even when disruption of other ser-
vices is not an issue, there is still a disagreement in the lit-
erature about routine versus selective provision of
ultrasound services. Kongnyuy and van den Broek argue
that ultrasonography should be routinely performed for all
women because it is regarded as safe and affordable [1]. It
could also save costs by detecting abnormalities early in
pregnancy [1, 9]. Papp and Fekete support routine ultra-
sound screening on the basis that 85 to 90% of congenital
malformations occur without maternal or family ante-
cedents and therefore, selective ultrasound screening may
miss a lot of cases that cannot be deducted based on pre-
vious medical history [56]. Tautz and colleagues offer a
counter-argument, however, that there is insufficient
evidence for ultrasound to be recommended as a rou-
tine screening tool [2]. Instead, they argue that selective
use of ultrasound during the antenatal period can com-
plement diagnoses that remain uncertain after other
clinical tests have been performed [2]. Hofmeyr also
adds that routine ultrasound services for patients with
already confirmed pathologies may risk wasting human
resources that could be allocated more efficiently else-
where [9, 57].
While there is a lack of consensus in the literature, the
WHO issued a brief which recommends that pregnant
women receive only one ultrasound scan before 24 weeks
gestation for accurate determination of gestational age,
early identification of fetal anomalies and multiple preg-
nancies, appropriate preparation and management of
preterm and post-term births and helping create a posi-
tive pregnancy experience [58]. For those who did not
receive a scan during this period, a later scan may be
considered to determine fetal number, presentation and
placental location [58]. However, ultrasound may be
used more than once depending on the specific patient
condition.
Additional guidelines and considerations are discussed in
the literature for large-scale implementation of ultrasound.
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Health personnel training
Mid- and lower-level health providers demonstrated com-
petence in using ultrasound and in making accurate diag-
nosis with only a short intensive training [5, 6, 8, 10, 14, 17,
27, 29, 32–34]. Although past training programs were
largely successful, a few points have been consistently
highlighted in the literature for improving future endeavors.
First, because past training programs varied greatly in
duration and content, there is a need for an internation-
ally recognized standard of training or a certificate pro-
gram [59, 60]. In addition, an ideal training module
would minimize the interruption to local health workers’
schedules and allow for practical hands-on sessions and
applications [59, 61].
Second, training programs should incorporate manage-
ment lessons such as short-term and long-term mainten-
ance of the ultrasound machine, image storage, image
review and quality assurance as a part of the curriculum
[18, 59]. Attention to these management topics will in-
crease the likelihood that ultrasound machines are con-
tinuously being used after the training has concluded,
particularly in rural and isolated locations [18, 59].
Third, training programs should ensure that continuing
education is available for participants after the short inten-
sive training courses conclude [59]. This may be in the
form of follow-up refresher sessions, direct supervision,
review of donated textbooks, review of publicly accessible
or affordable journals, presentations and teleconferencing
[3]. Remote learning and supervision via teleconferencing
could potentially reduce costs and have a positive impact
on the quality of care [62]. Providers in LMICs have also
shown receptiveness to the possibility of distance learning
modules [7, 60]. This option is especially appealing for
rural health workers because commitment to lengthy
training programs and continuous in-person follow up
sessions may be unrealistic [61].
Fourth, training programs should sensitize health pro-
viders in legal and ethical conduct regarding ultrasound
use and towards patients’ desire for being informed
about their care [2]. This is because overuse and misuse
[2, 37–39], determining fetal sex [1, 5, 9, 41] and the
lack of communication between health providers and pa-
tients were found to be major concerns regarding ultra-
sound use in LMICs [2].
In the long term, a more sustainable solution would be
to involve local radiology societies and training institu-
tions to increase support for locally trained specialized
sonographers [7, 63]. This trend is already underway as
a number of training institutions and associations have
been established in Africa in recent years [7].
Ultrasound acquisition and maintenance
Several factors must be considered when acquiring ultra-
sound machines and setting up maintenance protocols
[59, 64]. First, various features of the ultrasound ma-
chine – image quality, level of radiation and safety, easy
and robust operability, transducers, ultrasound gel, sup-
plies for cleaning, maintenance service and storage must
be thoroughly considered [59, 64]. Second, and of key
importance is the selection of an ultrasound machine
that serves the purpose for which it is intended (e.g. the
quality of the image resolution determines what can be
diagnosed with a particular machine). Third, there must
be a comprehensive assessment of the practice environ-
ment in which ultrasound will be used [64]. The reliabil-
ity of electricity supply, the volume of patients received
at the health facility, and the intended use/types of diag-
noses expected may determine the local preference for
full-size versus portable ultrasound machines [59]. For
example, a high volume hospital with a more reliable
source of electricity might prefer a full-size, plug-in
ultrasound because of the larger size rendering protec-
tion against theft. For smaller health clinics operating in
rural areas, using a battery-operated portable ultrasound
machine may be more practical. Even with portable
ultrasound machines, security measures can be taken to
guard against theft or damage. These measures include
storing the machines in a locked room or placing it
under constant observation when there is a high demand
for use [55, 59]. For health facilities that already own
full-size ultrasound machines, however, purchasing port-
able ultrasound machines might be redundant [3]. Third,
durability of ultrasound machines as well as the manu-
facturer’s local capacity for maintenance should be con-
sidered. It may also be important to train in-house
mechanics to take primary responsibility over minor re-
pairs [59].
Cost-effectiveness
Recent studies that included descriptions about their
program’s costs and the realized benefits concluded that
providing ultrasound services was financially feasible
and cost-effective [4, 5]. Yet, there is still a lack of high
quality cost-effectiveness studies conducted in LMICs
[54]. This calls for more studies to be conducted with
rigorous designs [54], so that a true comparison of the
added value of the service and the intervention costs
versus the counterfactual can be made. It is also essential
to define the package of services in which effectiveness
is evaluated. Key questions to consider are how recom-
mended antenatal ultrasound services [58] would be in-
tegrated into existing maternity services most effectively
and what potential trade-offs exist with other essential
services in resource-constrained settings. A recent case
study from the Democratic Republic of the Congo re-
ported that the success of implementing structural
changes in the health system would rely on the level of
stakeholder effort, motivation, political will and financial
Kim et al. Reproductive Health  (2018) 15:129 Page 23 of 26
and human resources available [55]. In the absence of
these elements, streamlined integration into the health
system would be challenging.
Promoting cultural competence
Although there was a tendency of overestimating the diag-
nostic capabilities of ultrasound [2, 7], patients generally
seemed to hold positive views about ultrasound services
[23]. Cultural resistance to ultrasound was also not a
major issue [6, 49]. In certain cultures, however, viewing
the insides of a pregnant mother or projecting the image
of a fetus might be considered offensive [3]. Introduction
of ultrasound services in these settings may require invest-
ment into community engagement about the benefits of
ultrasound during pregnancy [3]. As one strategy, educa-
tion efforts could highlight areas where conventional
methods are similar to the procedures of ultrasound, so
that any uneasiness related to trying new technology may
be mitigated. In Tanzania, for example, the resemblance
between applying ultrasound gel and rubbing local medi-
cine on the women’s belly for diagnosing problematic
pregnancies seemed to help establish women’s trust [24].
Including husbands in the intervention may also be a cul-
turally appropriate strategy in some cases as one study
found that they played a role in encouraging women to
seek antenatal ultrasound exams [23].
Conclusion
This literature review focused on obstetric uses of ultra-
sound in LMICs. As cost of obstetric ultrasound be-
comes more affordable in LMICs, it is essential to assess
the benefits, trade-offs and potential drawbacks of
large-scale implementation. Additionally, there is a need
to more clearly identify the capabilities and the limita-
tions of ultrasound, particularly within the context of
limited training of providers, to ensure that the purpose
for which an ultrasound is intended is actually feasible
(e.g. the image quality of portable ultrasound is not suffi-
cient to identify fetal anomalies and early gestational
age). We found evidence of obstetric uses of ultrasound
improving patient management. However, there was evi-
dence that ultrasound use is not associated with redu-
cing maternal, perinatal or neonatal mortality. Patients
in various studies reported to have both positive and
negative perceptions and experiences related to ultra-
sound and lastly, illegal use of ultrasound for determin-
ing fetal sex was raised as a concern.
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